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The S/N fatigue life gage is a device which resembles 
an ordinary metal fail strain gage. Ite dictinguishing 
characteristic te that its electrical resistivity increases 
as a function of the cumulative cyclic strain history of the 
material to which it 235 bonded, This gage was introduced in 
September, 1965, by its inventor, Mr. D., R. Harting, of the 
Boeing Company, Seattle, Washington. Currently it is being 
marketed on an experimental basis by Micro-Measurements, Inc,, 
or Romulus, Michigsn. 


This thesis describes the results of several tests of 
the S/N gage which were conducted for the purpose of eter- 
mining its possible use in certain engineering applications. 
These tests were performed at strain levels vhere many 
common atructural materisis Tali after experiencing from 
10,000 to 1,000,000 load cycles. Tests with zero mean load 
en various preloads were conducted ín order to simulate 
loadings which ectually occur in certain structures, All 
of the testo were made with a constant alternating load 
plitude so as to provide a comparison with exirting 
performance data of the enee, 


The resulta of these testa show that the gege performance 
ia nearly independent of mean load. Also the resulta show a 
good correlation with the tabulated performance characteristics 
of the gage. Included in this paper are some observations 
regarding the mechanics of the recistance chenge which occurs 
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in the guge and a proposal Tor mathematically relating the 
performance of the gage to other materials ind modes of 
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I. INTRODUCTION 


In every practical design probiem, the designer is 
faced with the choices of which structural material to use 
and what size to make each structura) member. Many 
groverties of the material may be considered before a final 
selection is made, out the physical strength of the selected 
materiai usually dictstes The final dimensions of each 
member. Unfortunately for the designer, the statically 
determines strength properties, which are relatively easy 
to determine, may not be the best informetion uvon wnicn to 
base these important decisions. 

Nearly every known materiai, when sub .ectea to vibrating 
streasss, will eventually fail even though these stresses 
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may be well within the materlel's statizelly determined 
strength limitations, There is, fortunately, a level of 
loading kelow which the kelihaod of failure becomes very 
improbable. This boundery, calleé the endurance limit, 


provides an upper constrsint for dynamic designing. I. is 


analagous to the yield strength or ultimate strength 
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criteria in static design ard mast Hot جات‎ 409 

virtuslliyv unlimited fatigue life for the member is cesired. 
Cisssizally, the endurance Limit of materials has been 

Getermined by counting the number of cycles to failure white 


guk, erting a apeeluen of the materiel to alternating stresser 
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52 ۷ 25.) 2፻ constent amplitude, Mort of the en 
engineering metel: neve been testec one the i¢eulte sre emit 
tabuiateld in handbooks. The customary grephical presentation 
ewploys* the number ST cycles te failure (n) 25 the bunden 
anc the etres» @mpiituce (S) as the orcinet#, resulting ine 
failure protile ueuelly referred to se the S/N Tisprāam. A 
typite! S/N diagram is shorn in Figure i. In thie Clisgras, 
&, represents the ultimate strength (:ailure st one-fourth 


of a Fele), whereas So represents the encurence limit 078 


below «hich failure becomen imps obebie). 





CYCLES (LOG SCALE) 
(Fig. 1) 


The S/N diagram ic useful in many resprct. ے او‎ meen’. 


2f orecwnting fatigue strength information. For exampie, 
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iire vhich has been expende. More then ore ln re: theorle 
have bees a&cvancec on this cowpllostes eubtect, but the 
ws$.1201ty of esoh one is upeculeti ve becuse of the eyripd at 
interacting veriabies involved. One o: the principet 
lifticalties encountered in relegi throry ane experiment) 
resulta stern from the extensive rustter of vate point. 
inherent in feticue testing. Reistiveiy emll feotors exert 
# lerge inluence when exten ce. over فونه اوداع‎ oF Lead 
pales, Amcther camlication Is that the definition ow 
"Failure is not ciel ly esteblichel. As Benn të (7) 
Sencluftes, wltimate fracture iv preweder by è Grah initietign 
Phase and « creck propégetilon pisas, both ef whith a 
دمه‎ ٣٤و‎ &no 4214155255 fren one another. To ات‎ Se the 
pYObiem, there 1. & neec to reinforce the 8/۱۲ diagram «ith 
reidtable information 15 that bisnk r4g^on between tne 11 
Wen cycle and the point of ultimets failure co thet the 
mary indivitaal infiuenoing factors, including loa? "هت دند‎ 
cam be incleted am reunited. 

A poorthle ecent ol inricsting cunulatiíve "stírue 
"emere hac ved” Covel Fen by Ur, DB, M. Harting «of the 
Posing Aircraft Comnany and 11: presantiy marketed by 
Siiiian T. Been, Ime. on Sun pintas basis, TR is د‎ 
528343 sevice calleé THE -S/N-* PATIGUY LIFE GAGE, which ha. 
the eppesaremce of an orcinary otrein cage, 
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designed and manufeactured so as To minimize the eífects of 
fatigue in the grid material. As a resuli, they are very 
accurate Por measuring cynamic strains over a relatively 

ghort period of time, at the end of which time they fail 

quite suddenly., In contrast, the S/N gege functions as ሬ 
rather poor dynamic strain sage which falls in a slow, 
measureable fashion, Tne grid of the gage is marie from e 
material whose electrical conductivity changes an a result of 
eyelic straining. Also the backing is purposely made of 

very rigid meteriel in order to carry the stresses around 

any oint defects which may develoo and thus crevent early 
failure in the grig due to cracking. When the gese is 68 
to a structure whose fatigue life history is of interest, the 
electrical resistivity of the gege increases in sn irreversible 
manner which is functionaliy dependent on both The atrain 

level and the number of strain cycles. It performs st all 
times whether being continuousi; or periodically monitored 
ay an indicating device, At the end of the structure's 
fntiigue life, the total resiste 
Gevending upon the material tu which 1t Ae #tiachel, is of 


ግ 
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the order of ten ¡er ceni of the originel gage resistance, 
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The S/N sage first vecsme available in Seniemier, 1965. 
Spee 1 Le much s recent Óevelomment, very little 
informeticn concerning its performance in varicus épplieations 
hae been published and much work must be done before its full 


‚otential can be realizec. Determining anc analyzing the 
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aytual mechanism oy which the resistivity ehenges ls only 
one ate, in the develo, ment process., Its performance must 
be related to specific materials and the various types of 
loscings incurred in a particuiar application. Enough 
experimentation has been done, however, lo indicate that the 
gage is cotentially a very powerful tool in determining the 
effects or complicated Loccing histories on structural 
materials. 

With machinery, vehicle, and building design becoming 
increasingly more sensitive to weight, the need for eliminating 
material which does not contribute vo the overall strength 
becomes more and more important. When it eventually becomes 
possible to monitor cumulative fatigue damage, periodic 
replacing, refinishing, or redesigning of individual 
components can be more fully utilized as « means cf ninimizing 
weight. And with this new tool, designers moy be able to 
exploit teshnivues which have previously been considered as 


too racical anc uncertain for eccepted practice. 
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OBJECTIVES 





The central ob eetives of this investigetion ere as 
follows: 
l. To werform an analysie of the Ei game »eriorm- 
ance cheracteristics ag determined and 


published by tre manufacturer; 


نو 


+ To relate the observe? results cf some 
experimental tests with the sublished vertoim- 
ante characteristics of the fare. ۰ 

in pursuing the firet objective, the performance curves 

provided by the Williem T. Bean Corsoratlion were used as A 

beris for the analysis. Since intersrerstim of the exveri- 

mental resulte depends, in part, upon the analysis oí these 
curves, anc in orge: to preserve continuity in the develor- 
pen* of certain less relating to these curves, tne anelysir 
la presented in ite entirety as Sart IIT of this taper. 

The experimental work was Limited in ssonme to the 
roliowing three categories of elternetine firein amu litude: 
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(v) Ho Tension Clay 
(c) R = - oo Comp ress Deg Le ۷) 

Ko is defined as the ratio Minimum strein and the standard 

maximum strain 

sign convention is employed where (+) and (-) Genote tension 

and compression respectively. 

These particular values of strain end KR were chosen 
because they describe types and megnitudes of loading in a 
region of general interest. Many of the common alloys of 
iron, aluminum, copper, and nickel exhibit low cycle Tetlgue 
failure after experiencing from ch to وړ‎ load cycles unter 
these conditions. This experimental work was alse undertaken 
in order to pursue the following amplifying ob;/ectilvesn: 

1. To examine the effects of orestreín on the 
Rage performance; 

c. To examine the gage performance over the first 
few load cycles as a possible eid in exvlaining 
its behavior; 

3. To examine the effectis of different configura- 
tions of the electrical connections to the gage: 

li. To obtain first-hand experience in using the 
gage so as to te more „uallfied in analy ing 


its rerformance, 
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res ادي‎ 


ANALYSIS OF THE S/N GAGE 






SRISTICH 


The ER gage perfüorwnnce curves Mow in Figure II 
were provicec ty the Willian T. Besn Corporetian. They are 
the resulto of a large number of tert: in which the gage 
(Type BA-01) was mounted on various meteriais which inclufe 
tiuminums, stsiniens steels, colC rolle. steel., fibre ۵۵ 
phenolic: leminates, RDG توجوجچھ‎ cestine:. The #ዩቲከኬርሮ of 
testing vee by cenns of a cantilewer bear which ep loaded 
in opciis bending. Sprain rather then tren wes maintained 
at the came anplitude throughout each varticuiear te ot. All 
or the gages were incividcwslliy wonitoret en the everages of 
all the revuite @:e presented graphically in there curves. 


àn interesting v&ristion of this pict where AK is 


um 


treatec aa the peremeter دا‎ shown In Figure IIT. It van be 
seen trom thie presentation thet the liner of content AR 
ereutiy resemble tre Tallure Lines on s typical 14" 
¿tagres, Thies similerity, however, houl' only be considered 
in a general ens, Grogs CN hka ops, Enter even izentsl 
&vicen.g which indiestes that tae fesiure Line for dll stegis 
nearly Pollows the relstionnhin 
0.34 

Es Sr =T (2) 

Superisposing e plot of this expřetrion on Figure III 0 
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hat a cyclic strain which produces failure at 103 cycles 
results in a total resistance change of approximately 8 ohms. 
In contrast, a strain level which produces failure at 
A: 10+ cycles results in a total change of only 4 . 
It may be noted here that the units of AR may be expressed 
in either ohms or percentage of initial gage resistance. In 
either case, the numerical values are identical since the 
initial gage resistance has a value of 100 ohms, 
In attempting to explore the uses of the S/N gage for 
measuring cumulative effects of non-uniform cyclic strains, 
a replotting of the performance curves was made whicn emoloyed 
(n) as the perameter.* This presentation is shown in Figure 
IV. The idea behind this plot was that by having some 
knowledge of the number of load cycles experienced by the 
gage, the corresponding value of AR would provide an 
indication of the ejuivalent strain at which fatigue was 
1 09۵۵686 in the structure. This, of course, WM an engineering 
application which conceivably could provide an aoproach to 
correlating the gage's response in practical applications. 
Two factors are immediately evident from this plot of 


AR versus € on cartesian coordinates. They ere: 


*With regard to cumulative fatigue, the choice of (n) 
as a variable is unfortunate. Manson (10) discloses that the 
effects of strain hardening or softening as a result of 
changing the cyclic load intensity can greatly alter the 
fatigue life of a material exhibiting this tendency. The 
literature on fatigue theory, however, relies almost 
exclusively on this variable for want of a more descriptive 
one. 
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FIGURE IV 
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1. The lines of constant (n) can he very nearly 


a.proximsted by straight lines; 


ct 


2. The gro ections of these lines apocenr 


0 


intersect at a point on the abscissa, 
These observations suggest that the slope of the lines of 


constent (n) 


سيا 


8 some function of (nj). Furthermore, this 


Slope can be intersreted as the nartial Qerivetive >f AR 


get 


With respect to C , provided the derivetive ir ,welified as 


rebrertentins th 
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Sloe 38 determined by teets concucted at 


discreet values of constant strain amplitude. An initiel 


JAR 
Qe 


instes yieldeö an approximte rtraicht line with & 





omar plot of some values of ) versus (n) on log-log 
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420r 
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Slore of roughly +7,33. This signifies «© reletisnehipb of 


the Form 
DAR K 0.33 


— ے‎ n 


26 


Integrating the stove for AB produces ihe form 
0.33 
ہے‎ 


where tne nartial difterertiel Ze Zrested ac a totel 


differential by assuming that neither K noer (ni are exrlicit 
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ctiona 


22 
ግታ 
ነቴ 


C . Toe intersection of the lines of constant 
(n) with the € axis establisnea « lower bountery condition 
which can be reyresented by the symol Co. Taking the 


above integral to the dummy variable uyper limit of € 
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produces the following relationshiz: 
€ 033 0.33 
AR = | Kn de = (€-€.) Kn (h) 
€o 
This form is identical to that proposed by Herting (5), 
differing only in the numerical velue of the exoonent., €o 
may be considered as an endursnce limit, or s »roocor*tional 
limit of cyclic strain amplitude, since strains below this 
value have only second order effects on permanent resistence 
change. By the same argument, the term (€ - €o) reoresenis 
eyclic niastíc strain, defined se that component cf tatel 
eyclic strain which occurs beyond the limits of oroportionaliiy. 
Morrow (11) has presented very good erguments for basing 
fatigue theory on niastic strain energy. 

With the above relationshio derived, some attemrts were 
mede to determine the value of K for the actuel -erforusnce 
curves of the S/N gage. As can be seen from Figure II, 
however, the serformance at constant E is nct e straight 
line on les-lore coordinates, but there is inster?e a humo 
which occurs at different values of AR and (n), 8 
upon the strain amplitude. This phenomenon renders thea 
derived relationship incompatible as a continuous function. 

By assuming thet the AR function wes orobabi valid 
only above the discontinuity, sone further ettemots were 
undertaken to arrive at a compatible retetionshi»., This 


effort led to drawing a number of Lines with a slope of 2.33 
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tangent to the upper curves. it was during this orocedure 


t an observation wes mase which is rather obscured by the 





tne 
log-log presentation, This óiscontiíinuilty in a line of 
gonstant strain amplitude can be removec ty numerically 
edding a .vantity to OR which is oroportional to strain 
ítude, Whether this constant is provortional to total 
rein or plastic strain is open to esme ,uestioning, but 
noting in Figure II that tne lines for constant etrain 
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AR = (€-€)| Ky Wa SS Ka] (5) 


A large scale rerlotting of Figure IV wes meee in 
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srder to sccurately determine if 9 reletionshin of tiie 
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shown grepnaically 
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figure Y, 186551: 39፳ 
lip does in fact follow the above form over the satire renge 
er @ 7 10% to 19° cycles. Determining the constante by 
wrisl end error resulted in the following apyroxiímate values 


Tor Ki, Ko, aná Ka: 


0.246 


AR = (E - Es) | Go X ۴ = (10.0 x | (6) 
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Fitting this expression to the curves depends on the assumed 
value of Co . Very good agreement was obtained by selecting 
values of Co between 1300 and 1450 microinches oer inch. 8 
cen be seen from Figure IV, the straight line nro, ections 

of the constant (n) lines intersect the sbscisesa at slightly 
larger values of €, for lower values of (n). A refinement 
to the expression for AR can be obtained by assuming that 
€. is & weak function of the number of load cycles, as 


follows: 


-0.047 


So = >50 م‎ (7) 


The actual lines of constant (n) do not really intersect 
the abscissa, but they become essentially tangent while 
converging on the origin. Since only the straight line 
portion of the constant (n) lines were used to derive the 
expression Tor AR, the expression is not eccurate for values 
of AR less than approximately 0.3 ohms. Also the expression 
is not very accurate for high values of cyclic strains in the 
vicinity of (n) = 102 load cycles. It can be seen from 
Figure IV that the two points for 5000 Ae and 10,000 Me 
do not fall on the straight line portion of the curve. For 
these high values of strain, the expression for OR becomes 
progressively less accurate beyond 202 load cycles. 

Referring again to Figure ¥, which is the graphical 


representation of the bracketed term in equation (6), an 
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interesting analogy can be made regarding its physical. 
meaning. It functions ag a modulus which relates the plastic 
atrain experienced by the gage to the resulting resistance 
Qhange, much the same as Young's Modulus relates stress ۵ 
strain. This curve must, of course, be qualifieó as the 
performance modulus at constant discreet values of cyclic 
strain amplitude. Rationalizing on this basis, it can be 
stated that the merita of this approach lie in the fact that, 
within the limits of accuracy with which the point values 
of (258 were determined, the curve is smooth and 
continuous, 

The only difference between e,untions (4) and (5) 8 
the functional relationship between جا‎ 8878 (ni, In 
both cases, thia relationship is parabolic in (n), but in 
equation (5) the origin of tne parabola is not at the 
initial load eyele. Equation (5) indicates that AR is a 
negative ,;uantity during tne first forty or so load cycles, 
which is obviously not true. This expression is only valid 
after approximately 100 load eveles when the transient effects 
of initial loading have presumably reached e steady state, 
Tne good agreement of ezurtion (5) with the actual nerformance 
curves at least supports the validity of the assumed form of 
the relationship. If e,uation (5) is physically valid, then 
the following premises can be made: 
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sage for a given cyoclíc strain abrlitude cer 
be expressed as the algerraíc sum of two 
guantities; a “fatigue component which is 
related to the number of losd cycles, and a 


second component whose maximum velue is 





independent af the number of load cycles. 


ኳን 


. The “fetigue term is more nearly proportional 
to the fourth root of (n) rather than the cube 


root as first susvected. It mey be noted that 


(22% 


the curve of aan be apuroximeted over 


mart of ifs range tr s straight line with e 
( 825 


em 


slone of 0,33. At large values of (n), 
values are difficult to determine scuurstely, 
vut the slope of the curve anpesre to 8 


a velue near 7,25. 


=> 


3. The seconó component has a negative value, It 
represents the combined effecte of ell those 


factors which do not ceuse any further increase 
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لغ 


n AR once a certein value hes peer »sitained. 
This incluéee all of the transient effectisa in 
the initial cycles of loading. 


By way of amplifying the third vremice, it seems logical 
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to assume that the gage will undergo some 9۷۵2٧٥ of 76 
reaciustment during ite initial (080578 rerisd. These 


readiustments could conceivatly scour in the grid material, 
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ut one cannot ignore such feutors s The becking 18:37 مل‎ 


the söähssives which bond the grid to t: 


ne backing end the 
pecking to the specimen, and the possiole relaxation of 
prestrains which mey be induced in the gage during tis 
manufacturing and mounting srocesses. anson (l0) has 
atated thet cyelic strain hardening and softening, among 
oiher effectis, manifests microstructural change end usually 


approaches saturation early in life. 
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EXPERIMENTAL PROCEDURE 


In order to pursue the objectives of tris inveatigation 


in tbe analysis sot the 


With regard to the premises put forth 


e's performance characteristics, the following experi- 


mental testes were conducted: 


1. Two gages were run through thelr initiel load 


cycles while recording the resistance chang 


in the firsti 


the initial half cycle was in tension 
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evele, 


during the 


et intervals 


case, 


followed by a half cycle in compression. In 


this procedure was reversed. 


then run throuech nine 
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le recording the res 


the latter case, 
2. These two rages were 


more load cycles whi 


change at the end of each helf cycle, 
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respectively. 

5. Three specimens were tested with static 
tensile prestraina of 1500 Me , 2000 He , 
and 2500 -Ue while subjected to alternating 
loaa which produced strain amplitudes of 
+ 1560 4, , + 1080 عبر‎ , and + 2510 Ae 
respectively. 

A Sonntag SF-LU fatigue machine with reverse bending 
attachment was selected as the best available meena of 
providing the cyclic loads reiuired in testing the S/N cage. 
À detailed description of this e;uipment is found in Part B 
of the Appendix. Reverse bencing wes chosen because it 
afforded a means of testing two gages simultaneously uncer 
strains of identical meznitude but of opposite sense. By 
controlling the mean load so thet its magnitude was the same 
as the amplitude of the alternating load, each side of the 
specimen was loaded exclusively in either tension or 

ompression. 

A standard fatigue svecimen shape as shown in Figure VI 
was selected for the tests for several reasons. The extre 
width in the clamped portion causes lower localized strains 
in the vicinity of the clamp edges. This factor clus the 
narrower Section nesr the center gran of the specimen limits 
the region of highest failure probability to the center of 
the specimen, The tapered transition section provides a 


location for mounting the electriesi terminel strips which 
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ig subjected to lees strain then is the center apan. 

All of the svecimens were fabricated from 2 x 3/16' 
207k T- aluminum bar stock. This material was chosen 
because of its well-tabuleted physical properties, its ense 
of febrication, and ite eveilability. Thickness of the 
materiel wae selected in conjunction with the specimen 
Gimensions so as to permit a wide range of loadings vithout 
producing extceseive deflection in the s:;ecimen. Electrical 
limit switches cn the SP-10 mechine rectrict the maximum 
Sending deflection to + 0.35 inches. All of the specimens 
were prepeored and the gagec mounted in 4 manner described in 
Part. A of the Appendix. 

ce the Specimen was completed and the electrical 
connections installed, inítiel balsnced resdings of the 
strain end S/N gages were taken with the BAM-1 and BLE 
indicators, Both of these indicators are Wheatstone Bridge 
devices. In all the tests, one oi the prepared specimens 
was used to provide the dummy ballest resistances necessary 
for electrically kalancing the bridges. In addition to 
serving ae a stenderd for comparing the resistances of all 1 
the specimen gages, this dummy specimen alec provided 
temperature compensation for minor changes in ambient condi- 
tions. 

The first step in conducting the cyclic testing was to 


install the reverse bending fixture with its prover tuning 
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weights on the fstigue machine. Then the pechen wa. 
bolted in place between the bensing fixture grips. Contin- 
uous Atrain gare rendings were taken to insure thet no 
misellignment within the bending fixture ceucec any axila 
force or unwanted bending moment. Small emounte of otrein 
which were indicated after installation were ep, Lin remove 1 
by reacjusting the preivad mechanism of the machine. 

With the specimen inatelled in the bending fixtu:e and 
the “ynamic strain indiceting cGevices properly calibrates, 
the next step waa to teke and record the gero reierencs 
veslinge of the 2/R gage resistence. This was cone by meene 
of a BLA Type N Strain Indicator which 15 described in Pert B 
o! the Appendix. All the reacinas for AR were taken with 
thie instrument which measures revistance henge in units of 


“train. The method of converting there retcings inte AR 


gen 


diocuo.ed in Pert € of the Áppencix. 

It was necessary with the SF-1U machine tu be very 
careful when starting. Low modes of vibration &re esa. iiy 
excited, which in turn produce unwanted overlos@ing or the 
specimen. 

Th GF-1U is equinped with و‎ counting device for 
determining the number of los cycies, but unfortunsteiy it 
ls run by 5 synchronous motor of ite own ene operates even 
hun the eccentric load is not rotating. Purthe nore, it 


ie only accurate to within 1900 cycles. Therefore, the 
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number of cycles were oetermingu on the basie of 0 0017 
time v&the: then with a counter. Becau.e the 215041755 1 
lead ia applied at resonance, there la 2 clearly defines 
point, when bringing the machine up to :peec, wnere th. Tuil 
value of cyclic loading begins. The reveree is true when 
etopping the machine. By Simply multiplying elapeeo tire in 
minutes by 1600, the number of load cycles were computed 
very accurately. 

Once the mechine was up to upeed, it war permittec to 
run undisturbed for @ prescribed length of time. In the 
beginning cf a test, the running intervals were of ehurt 
äuration, but as the experiment progressed and the re.iitance 
ehanged more slowly, the intervals were made longer. At 
ench stopping point readings were paken and plotted on 
log-log coordinates for comparison with the curves in 
Figure Ii. 

The foregoing procedure was used in ell the test. with 
ind without preload. At the beginning of each prelouadtes 
test, reference readings were taken with anc without the 
prelsei applied. At subsequent stopping points tac "et: of 
readinge were taken and referred to their respective initial 
reading». The results were identical. It cen be conciuden 
that resistence change may be meacureóc «tf any moint in the 
loading cycle provided such meascuremente are consistently 


taken 55 the same point each time, 
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V. EXPERIMENTAL RESULTS 


The experimental results ore presented graphically 


Resistance change es e function of 
strain for the initial full load 
cycle -- first half of cyele in 
tension, 

Resistance change as & function of 
etrain for the initial load cycle -- 
first half cycle in compreroion, 
Resistance change at half cycle 
intervals for + 1500 a4, cyclic 
Strain -- initial heif cycle in 
tension. 

Resistance change at half cycle 
intervals for + 2500 He cyclic 
strains -~ initial half cycle in 
compression, 

Results of eyelic loading tests 
with gero preload. 

Results of eyelic loading tests 
with tensile prelosu, 


Results of cyclic Lloacing tests 
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as follows: 


Figure VII (a) 


VII (b) 


VIII (a) 


VIII (b) 


XI 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 
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with compres. ive preload, 
The solid lines superimposed on Figures IX, X, end XI 
are the performance characteristics st perticular values of 
Strain amplitude taken from the curves in Figure II, They 








are included for reference purposes only. 
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DISCUSSION OF RESULTS 





፻፲, 


The experimentsl resulta are entirely devendent unon 
the accuracy with which cyclic and mean straini were 
determined. All of the strain gages which were used were 
certified by their menuíscturer as having e cago factor of 
2.095 + 0.5 per cent, anc the etetic strain readings are 
within this order of accurecy. In measuring the cyclic 
trains, however, a compound error resulted from using an 
secililoseope to display the strain signal. The «cope car 
be read, at best, to within + 25 MH: at the peak-to-peak 
Values which were encountered, This source of error 
infiuenced both the initial scope calibration anc the Cinel 
reading. Reported cyclic amplitudes are believes to be 
sceurste to within 1.5 per cent to 2,0 per cent of their 
true value. It wat not possible to monitor thë sereins 
throughout an entire test because the seges have & compsrstiveiy 
short life st the amplitudes used in these experiments. In 
the tests at + 1590 4 و‎ for exemple, gage failure war 
observed after approximately 20,090 cycle., 

By using «train geges to determine the cyclic load., it 
was not necessary to rely on the load cettings of the 2P-1U 
machine for accuracy. Nevertheless, it we. adcventegeour to 


perform a precise calibration of the vechine in the mote of 
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testing which was employed .0 that the setting. at the «tart 
of each test could be as close ag posible to those ceutied. 


hanging the load settings during e telt is extremely 





undesirable st this point in the development of the £/N 

gage ainze insufficient information exists a. to the effects 
of such e change. The load setting calibration, which it 
mewn graphically in Part A of the Appendix, provided a 

means of crose checking the accuracy of esch strain neeoure- 
ment. in acdition, it served to expose sn inaccuracy in the 
SF-1U machine since ali the observed strains were &spproximstely 
125 per cent greater then they should heve been for a 
particular setting. This finding is noted in parning bezause 
it serves to illu trste e very important point with regs: 2 

to fatigue testing in general. Most testing is cone without 
the use of strain incicating equipment, which meent that such 
a discrepumey would probebly be attributed to some othe: 
factor when interpreting the results. 

Measurements of AR with the BLE indicator were 
extremely accurate, In a laboratory test or this cevice 
using deosáe resistence boxes, the varintion of mee.urec 
resistance change over e total renge o? © ohe wes lese then 
0.61 ohm.  Lesd wire and terminal :trip resistance. in the 


gage circuitry were fount to be less than 9,232 chm, end sinte 


* 


this quantity is incorporeted in the initisl gase resistence 


of 100 + 0.2 ohms when computing OR, thelr effects are 
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considered negligible. 
The plot of S/N gage performance shown in Figure YII (e) 


perves to illustrate a point which has been .uggestec by th« 





page's manufacturer., If the Tirat half cycle of losains la 
in tension, the resistance change is linear with respect to 
strain, thereby making, bhe gage usuble for menourine "train 
under these constraints. This feature cen be usec to verify 
the strain field at the beginning of a test. The gage 
factor, which is the ratio of percentage recistance chenge 
to inéuced ztrsin, has a numerical value of 2.04 in this 
application. It can be seen in Figure VII (b) that the 
above relationship coe. not hold true ome the gege ha: been 
cycled in compression. Figures (a) and (b) both chow that 
the guge 13 notic>»=biy effectes by the compre oive hslí 
cycle. 

Figure VIII (a) and (b) are the results of slowly 
cycling two specimens in reverze bending by using the 
prelosg mechanism of the SF-1U fatigue machine. These 
results are includes to illudctrate thet the resirtence 
changes experienced by the gage during its initial ۶۱۷ئ1‎ 
cycles are not only a function of the megnituce eno nuuber 
of strnin cycles, but slao depend on whether the hoif cycle 
ia in comprezaion or tension, It can be zeen frog 8 
plots thet the gage experiencer an increase in resistence 


during a compressive half cycle, snc also thet there in 4 
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The tert st + 2080 4 producec resistance changes 
approximately 10 per cent greater than expected, Thio teat 
wee run with a weight setting which Should heave produced an 
slternsting strain of + 1990 Ae و‎ but there was miselign- 
ment of the specimen in the bending fixture which wan not. 
detected by static strain messurements. Because the bearing! 
of the bending fixture were not perfectly parallel, 2 4 
amount of bending was produced about en axis pervenliculaer 
to the specimen each time it was deflected by the load, This 


condition was first indiceted by the dynamic ttrein resdin 


e 
- + 
= 
4 ۰ 


and later confirmed visually, but the test was completec 


- 


without making eny changez. The retulte were affecte* in 
this test because the S/N gage and the strain gage were 
mounted on the seme side of the specimen on opposite Aider 
of the centerline. If the S/N gage had been mounted on the 


centerline, this misalignment would have h^ó no notice ble 


After spproximately 250,000 load cyciec, the resistance 
of the gage being cycled at + 2030 MH: begen to ineresse 
more rapidly than predicted. This increase took place 
grecually over the following 100,900 loen oyclet until the 
resistance had changed a total of 15 chms, at which time the 
test was terminated. Following removel of the gege from the 
specimen, it war discovered thet the adhesive hasi broken 


away From the aluminum over a very #mali aen under the gridi. 
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No cracking was visible in this ares. 

The testeo in which 1500 عللم‎ of prelved wen superimposed 
on an alternating stresin of + 1560 -4¿ produced resulte 
which were nearly identiíiocsi in both the compo e:síion enê the 
tension gegen. Interpolation show. thet the data pointe also 
followeó the performance characteristics in Figure II very 
ciosely. Resistance change for the compression game was 9.13 
ohm greater than the tension gage at 372,000 cycles, at 
which time the compression test was terminated because of a 
broken leed connection on the gage. To what extent this 
weakened connection influenced the gage'ts performance ji 
unknown. The tenslon gage was tested to 722,000 cyclias 
without showing any noticeable cevistion from the performance 
curves in Figure II. 

The test in which 2000 ےب‎ of preload waz superimposed 
on an alternating strain of + 1980 -y, produced results in 
which the resistance chenge of the tension gase was consist- 
ently greater then the compression gage by s factor of 
approximately 14 ver cent. The tension gage followed the 
performence curves for no prelosc out to 50,000 cycles, at 
which time the data points begen to fall prosrescively 
farther below the curve. The compression gage followed thi 
same pattcrn of behavior. At epproximately 395,000 cycles, 
the tension gage failed? quite suddenly, after which it can 


be seen that the resistance of the compression gage began to 
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increase more rapidly. Very shortiy efter the last reedineg 
was taken at 506,000 cyeles, the epecimen fractured. 
Observations of the fracture lines end the location of tae 
fracture indicete thet the crack initiated directly under 
the tension gage. This would explain the sequence of events 
following failure of the tension gage. 

The tests in which 2500 -u: of preload wae superimposed 
on an aiternating strein of + 2510 A, were, unfortunately, 
not run concurrently. The tension gage on the originai 
specimen failed curing the initial iseding cycles when the 
adhesiva broke away from the aluminum. An adéitional 
apecimen wes tested in which the bonding surface was 
intentionally made rougher to facilitate better adhesion, 
but even this teat felled for the aame reason after 23,000 
1980 cycles. The results which were obtained are included 
in the grephical presentation because they illustrate that 
the resistance change was within 10 per cent of the curve 
in Figure II. Yo failure in the sähesive bondinag oí this 
second spercinen wes apparent until efte: the last reported 
resistance reacing. 

The compression gage was tested successiuily, giving 
results which were neerly identical to the cuzve in Figure II 
cut to 50,000 cycles. At this point, the deta fails 
progressively ferther below the curve as cic tests at lower 


strein levels. After 100,000 cycles, the resistance started 
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to increase until fracture occurred et 220,000 cycles. This 
is believed to be cue to crack initiation on the other sice 
of the specimen since there wae no visible indication of 
adhesive problems. 

in pert III of this paper, it was shown that the 
endurance limit of the gage waz approximately + 1350 He . 

By virtue of this property, errors in ceterminint strain 
amplitudes are not directly relstebie to the reaultinı errors 
in AR. In the ronge of these teste, an error of i ps: cent 
in measuring strain will result in a resistance change error 
of approximetely 3 per cent. herefore, errors of au much 
as û per cent in AR ere within the order of testing 
accuracy. 

All or the test results shown in Figures IX, X, ans XI 
exhibit generally good agreement with the curves îron Figure 
II. It must be recalled, however, that the experimnentel 
resulta, which were produced under c.ndltions of constant 
28 1316© streda amplitude, are compared with the results of 
tests performed umer conditions of constant strain amplitude. 
The principal difference between these two moves of testing 
is thet the conctant strein testa are not affected by changes 
48) strength proparties of the specimen which occur ño & 
result of cyclic bending. It can ve seen From Figures IX, 

X, and XI thet the data points sll cestribe curves which are 


nearly varallel in log-og coorcánates, indicating that the 
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cta of minor changes in the specimen properties were 











VII, CONCLUSIONS AND RECOMMENDATIONS 





The most obvious conclusion which can be drewn fron the 
graphical resulta in Figures IX, X, and XI is thet the 
performance of the S/N gare is virtually unaffected by the 
mean load. This 14 aomewhat remarkable በጠ one considers 
that the peak values of strsin encounterec in the compression 
tests differed from these in the tension tests by s. much as 
5009 Us. These resulte mean that the performance curves 
in Figure Ii ere valid in applications where mean load ir 
not zero, and they also suggest that the influencing factor 
is peak-to-pesk strain rather than plestic strain.  Pesk- 
to=peak strain has been proposed by Gross (4) as a fetigue 
criterion. 

It can be further concluded from the experimental 
resulta that the S/N gege is Limited in ectuel ٭‎ 70 
to those phases of fatigue which take place prior to crack 
initiation. Cracking in the surface causes redistribution 
of strain which impairs the gage reliability. Furthermore, 
if a crack forms directly under the gave, the gage will 
probably fail instantly because the backing material is 
quite brittle. Fynst Lon of fatigue cracke is accompanied 
by the líberation of gae, as Bennett (2) hes shown, which 


factor could possibly cause the achesive to break underneath 
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the gage and thus affect its performance, 

in the preloaced tects, there wae some indicetion that 
the revistancee change 5f the tension gage was alightly 
greater than the compreasion gage, elthough the rezuito werc 
not absolutely conclusive. The tests at + 1980 Me ane 
+ 2510 -de exhibites this tendency, but in the test at 
+ 1560 -Ue , the resistance change wae alightiy greater in 
the comprecsion gage. The modulus of elasticity for ፎወወጓ-ኛጓ 
siuminun is spproximately @ per cent greater in compression 
than in tension, Im addition toa producing slightiy greater 
Strain on the tension side of the bending specimen, this 
property sleo causez tne neutral axis to shift, Strain 
hartening effecta cause shifting uf the neutrei exis 81.0, 
which makes it impossible to analyze mall Gifferences in 
surface atrein. This problem ia an inherent difficulty 
encountered in reverse bending ana rotetionel bencina modes 
of testing. 

The curve shown in Figure V; which ia the performance 
moduluz of the S/N gege at constant strain amplitude, 
actusiiy reoresente the characteristic shepe oi ench curve 
anown in Figure II, From the experimentel rewulie it van 
te seen thet the characteristic shape 237 the curves st 


constent streat ampiltude for 2024-74 alueinun follows the 
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curve in Figure V out to spproximateiy ۵ x ie? yC led, af te! 


which it fealle progressively ferther below the curve at 
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Higher values of (n). While the experimental re-ulto. «ere 
not sufficient in nuvber to sccuratelw detersins values 
"TE an estimate o? the cheraeterintio shape 1 
1 tí ۶ | tie 5 b dx 
shown in Figure XIII. This curve oho that the performance 
characteristic. st constant atrain amylitude can De related 
to a particular meterial in ae constant atrok smoiltuos 
&pplication. It will be necatsery to heve such 8s response 
function for a particular weteriel in order to perfora 
Sogatrum studies $n random loacsing. 
Some comment? are worthy of mention with regard to the 
use af the gage. Parforate4 copper electrical terminal 
strips which are mounted on fibre giass-epoxy bsckingo were 
Found te perform rather poorly ureier conditions of siternet ine 
«train. The Backing 1: 50 heavy that it tended ta break the 
adhesive exvly in the courie of s test, and the perioretion 


in fine copper terminal produ 


x 


ed Stress concentretions which, 
in turn, promoted crecking in the terminal. It wae found 
that the beat tereinal strips for use with the SO esre ure 
the eclid ecoper ztrios which sre mountes on a Tef reor 
backing. Furthermore, orientime the terminala me that their 
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gvester reliability and longer "ntirue life. 
The inmetructio&s supp. 
nounting the gage wo generally Wienueie, However, there 


should be a precautionary nete in the initiuctiono regsrcing 
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FIGURE XIII 
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attachment of the Jumper wires between the gaga and the 
terminal strips. Bolder does not wet the S/U gese gria 


material, There 35 ደ 528434 button on «ach termina: which is 





about the sige of a pin head, and this button provides tae 
only Location where the fuope: wire can be attached, The 
instructions should caution the use: to be very coreful when 
ciemming these points» for tinning since thay cenaot withe 
stand more than the slightest smount cf abrasion. Further- 
mare, the jumper wirae ehould be attached te the termine! 
strips before they are connected tu the gege because the 
eonteéct points on the gage ere vory fragile amd eacily 
&heared off. If this happens, the gage is rendered useles 
Because the gage backing material is rigid, it ot be 
roughened befors attaching to 4 specimen or structurs. This 
is accomplished by lepping the Bonding ourfece vita puslce 
or gimilar sbrasive, The technique of Lapping the gage la 
3 delicate one, since too Littie roushening resuita in the 
g&ge not bouncing properly und too much ruins the gare. 
Several pages parted frum specimens suring the expe: imental 
testing, but in all eases the adhesive partes from the 
specimen rather then From the game. It is believec that this 


$ 


problem occurred because of the characteristic oxide Vila 
which forma on slusinam surfecso and also becsuce the machine 
marks on the test sperimens were perposely wade to run in 
E. 


the cireetion of the strain Fisica. hore spectimens which 
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fractured an » result of Petigue Zeite wil beyono their 
expected fatigue iimits. It sppear. that asditionsi spocilmen 
Life wes obtained at the expense Gof reduced gege liie in 
these experimental teata, 

There ore numerous practical applicetions in which 
&iternatíiag strains occur at so: mean level of atrain. In 
& oubmsrine pressure hull, for exampie, the aiterneting leaca 
are pureiy compressive or tenalie in nature. Ami sn sircorert 
wing in tlight buffets sbout the mean loading imposeü by 
serodynamic Lift. In using thes S/N gage to monitor cumula- 
tive fatigue under these concitlons, cseversl factors must bo 
considered when relating the gage'!s performance to structursi 
demege. Fatigue strength of the material is racueceo By 
imposing & mean loading condition. Expe: imental ırıulte 
¿how that the 8/3 gare will not be significantly effected 
by meon loading. And if the structure experience. any 
plastic deformation, the geane behaves ns & Strain gage ana 
will 18۵61781 & change in ¢lectricel resistance. I$ wer 
previously pointed sut that the gage functions whether 
monitores continmucualy or perlodicaliy, but riree gaye 
response is not uniform throughout ito life open on. unti: 
such time on sufficient informetion on the gece’. performance 
hs: besa acquired, it vil: be beneticiel to moniter tne gage 
55 mach ne as often sa bhe limitations oi 8 particular 
pplication permit. 


In the work which has o tar been done with the S/N 
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exphasia ho: been pescer on developing it a. en‏ رو 
enginerríng too for monitoring cuemleative fatigur canege.‏ 
The results of this investigetion shew that the gage "sy‏ 
&1so prove to bo a valuable laboratory tool. In pert TIT it‏ 
that there i5 à powerful analogy between chengee if‏ 583869 #88 
@lectricei resistivity of the gege and the Zetisue mechanism.‏ 
Appiying this analogy «showed that, among other things, the‏ 
endursnce limit of the gage mey puesibly decres qa ۷‏ 
over the tetal fatigue Lire. It was further brought out in‏ 
the experimental results thet the effects. of a particular‏ 
materini anc testing methed van be ciletinguishes by their‏ 
influence on the gage's pertortance modulus. The importent‏ 
point to be mace here is thet the gage "ëm be usse for‏ 
isdlating and determinina the sagaltule of Individual fectora‏ 


in atudying the complicated problem of fatigue. 


= نموت 







| #6. ሶር ለለ عم ماين‎ 81 -ٗ- a A ال‎ 

^? LER fa. al pce Cleves ሠጭዌዘጩመሥ።»ጀጆ 

. ር nn ne u 

PA MC AO IIA ና عم‎ o ogi اس‎ ۱ 

۱ اسا‎ didor تمس هه‎ RN 

ومغ اوس وممناحم عداهه دغه له وتا مق 1 

1. IP elei ir E , 

=) wee eat wA d dul) wt open نه هه‎ eg ١ 

| 
(Fed AAT Go iu er عو نا‎ 

















il of the specimens: used in the reverse bending tests 
were fabricated from 3/16" x 9 909h-TM aluminun bar stock. 
Ten-inch iengths of atock were marked and cut spproximotely 
to form with a metal band sew, Then they were files to 
shape soc carefully omcethed with fine emery cioth. Great 
care wa: taken to insure thet sil the machine murKs ran 


ar8ilei to the long dimension of the «pecimen eo ma to 


c 


minimize the possibllity of traünsverze Cr&eking. 

After each specimen had been shapes and smoothed, it 
was cleaned with trichioroethylene to remove all slie end 
soluble materisl, The surface on ehich each gage vas counted 
was prepared with Bean Betel Conditioner using 180 arit 
silicon carbide peper, after which it wsi cleaned with 
ammonia neutralizer and wiped dry. 

One otrain gage 855 inyutailed on gach epecinen using 
Easteon 910 cement «snd standard installation procedure t, 

The 4/N fatigue gages were mounted with Essıtman 910 aia, 
but the procedure mas slightly move involveoc. Prior to 
mounting, the backing surface of euch S/N gage wae ispped 
using line pumice ano clean paper on ns glasur piate. Pech af 
the eleotrioa) terminsBl «trips was lappe in bhis sume 
manneT, 2:50, The gage and terminal atrip backi were then 


cleaned with ammonia neutyaiizer to remeye any treces of 
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pumice, “fter which they were „oineä to the specimen uring 
the sass technicues as those eanloyed in mounting tne atrain 
Gages. 

With tne geges Attaches to the tpecinen, the نات ل5 جا‎ 
ware then tinned using & Low Temperature (3097F ) ۶ ۸۵ ۲ ————— 
iron. Preparing the terainais un the S/N gage require great 
garg since there lo only one contact point in the seater oi 
uch terminal to which sviscer will achere. These pointe are 
bout the bize of ه‎ pınhead ang solcer wil not bomi to the 
gage at any other location. Teo 834 copper wire jumpers were 
used to connect the gage terminals to the terminal otrip.. 

A lead wire connection of three conductor, vinyl insuisteóc 
flat ceble „ur run àiong the eógé of the speciven to the 
terminal Stripo and cemented in place asing a two-pert epoxy 
adhesive. This connector, rather than the terminal trips, 
Rervec to carry aii the weight of the monitoring cables. 

Severbi minor mocifications were made to the foregoing 
procecure for purposes of testing various gee aml termina: 
eonfíigurations, Au s remit of the testing it sa: Tam: that 
the best termine?) strips to use with the S/R gape were the 
solid Copper «trips with a Terion backing. Furthermore, 
orienting the terminals uo thet the long asin ie perpencicular 
to the «train Tiele :sesulted in &rester :rellsbiiity and longer 
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fatigue life of the eieoptrical connections. 
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B. DESCRIPTION OF APPARATUS 


SP-1U FATIGUE MACHIME 


All of the cyelic load tests of the S/N Fatigue Life 
Gage were performed with x Sonntag Model SP-iU fatigue 
machine. Thilo machine is un extremely vergatiie ple» e of 
apparatus which can be used to provide alternating 1 
for fatigue testing in tensile, terzional, or reverse bending 
configurations, 

In principle, the machine's operation is quite simple. 
The top of the SF-1U is a large (lat table, or platen as it 
is called, mace of cast steel and having 4 very large mesa, 
This platen ie suspende from the casing of the machine ou 
turn-buckle springs which permit à amali amount of notisen in 
the hosigontal direction but which constrain it in the 
vertical, This large table is called the stationery platen. 

In the center of the stationary platen i2 a smailer 
rectangular platen whose flat surfece in at the tame ever 
as the top of the stationary platen. This smaller piaten ic 
an integral part of 4 henwy frame which is ;ucpenódec from 
the uncsrsióe oi the stationary pleten on beavy pringe sni 
Za free to move only in the vertical direction, Within this 
frame is a rotating weight having an off-center masi, The 


eccentricity of this mays can be adjusted by turning 4 
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threaded shaft, A synchronous motor spins the eccentric 
weight at exactly thirty revolutions per second which, in 
turh, produces an Altern- ting force groport iomal to the mass, 
the eccentricity, and the souere of the rotational speed. 
Since the framework is constraint horizontally, only the 
vertical componant of alternating Paorce in transmitter te 
the smelicr pieten, which, for this ressom, is centile? the 
vibrating platen. 
Ail of the sodes Of operstion, toreionel, tenslie, and 
reverse bending, ore socomplishesS by means of separate 
ttechuente which Fasten to the two platens 2f the BF-iU 
machine. Each attachment converts the sinusoidal fores 
transmitted by the vibrating piaten into the desired Loading 
of & test specimen which is anchored to the ۶ءء ےب‎ 
pinten. 
In order that s.l of the alternating foroe be trancmitteód 

only to the test specimen, the proper  z&cos-elustic couple 

uot exist between the vibrating &szsembiy aná the stationary 
components. To produces this rerzautionshio, tuning s¢ishts are 
Attache to the vibrating platen carriage. When the system 
is properiy tunod, thc amplituce of vibration Is at its 


፥ 


maximum for @ porticulsr eccentric weight setting. 


The 2-10 he; an eutoemeativ reload STeuture which permits 
periapoaing s knosn statio force on the vibrating platen, 
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amount throughout 2 test, or the 0:01 ferturn can be 

turned off and the ioat «¿usted manurily, qt je یئ‎ ۵ 
to apply the preloau as Fither a tensilie or a compressive 

Force, 

There «re certain safety oad convenience Testurer built 
into the SF-1U machine. Microsvitchee «top the wathine if 
the ampiitude of the vibrating platen exceeds ት ህ, 55 inches. 
And there in fine speed contyoi o? the synehronows motor so 
thet it can be brousht up to speed without exceenivery 
exciting undesir&sble modes o! vibration sna promweing unwente: 
trémetient efiectea, 

The specified accuracy of the alternating load end the 
static preload is + ? per cent af the amplituce. This ::2 s 
factory specification which applies te the betting ews 
tuning eechanisme, not to the precision oF the ۷۷۸۸ء‎ ۰ 
Actually, mach greater precijion cen be obtained by tho usc 
“و‎ Instrumente ecimen:. A ceiibration of the X ine 9 
performed for the particular Zpecimen uled in the experiment 1 


test. of the G/N game end i chown in Figure XIV. 


REVERSE BENDING FIXTURE 


The reverse Oeming Fixture Tor the *F-i0 machine we 
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fatigue gage. Thin Fixture consilto of two rocker «Ta, 


exch of which are equipped with grips t^» c.Gmp the ande of 













ھ سر رد یا 
mi reg ver Ar‏ مس ጋ ጣለ‏ 
d `‏ اوی م په dams geg:‏ دی መሰ‏ . 

ELI d ao ውም ለዘ هسر په‎ met 

LT ` 1‏ * 
او ښوه هسو وا ከቦ‏ ب اسا v‏ 


e ai A ab ds pon ںہ‎ 4o ۶وو‎ TER a 8 / 
اس‎ hi ` ml Tt وور‎ nt یی سس سوا وو‎ 

መመ. ፳፻ 5.8 ond rae t n. سو‎ owed y 
hs a سال‎ dl pu le که مه ومن‎ 
MAUT aD epitel a سروم‎ à 


— و‎ MI Me g w e — i — ع‎ Mia? hos مہف‎ — 


NES ا‎ > amu i مھ‎ WA A 


ATA 





- 


TI | insti, «i افوص‎ T 





View: M one Jip مهس‎ MJ vo 





6 + ۰ 1 0 ۱ 
e ۱ AI E eo Te . Y ' mir? 
کے‎ 


۳ ۱ (ec Uf "of. #4 Gee 8» "tup 








- 





— — 
— — ےلت ابسل اس سال 





ee‏ لہ ین ےو سس 


LEE E‏ اند H HEHE‏ وت 


ET ን ንጅ Hus UE ACIE ALTA TO ON GURY DE 


E — 


mj‏ سل pe 922 ተተተ cuba ተ ۱ ٢ 007 mz D HIT‏ یج یچ تہ 












لا h‏ للا EE EE ENDING ‘TX TUR RES‏ بد رت 
tee eter EE —— Ee‏ 
ll‏ 
TTT KT‏ | و لست نت 
BaD‏ — — تاج ae eee et E‏ ام بای سس سس 
eo ረረ‏ ام اراس ات سای | سمل لا 
il‏ ې A SB pe CHI tem EET Es See tetas‏ ولا — 2222 
سح ا ہچ ناسل لا ہت للت ب خی Pee EEE‏ 
ው. A መ ደ ድዱን ይረ‏ ما ር መ.‏ 
اس e An: EE SE E E‏ 
El EE Bent‏ 
EE 7 pua መ 0.007‏ 
ተት ተመ —‏ جا جس یب چس een‏ + 
لیم لب یبا 2 22 ው. 71 EE — —“ — Dee? LH‏ 






AE EE 


et‏ مبا —— ከ... ..።‏ لد 


— 
E EE — LE 
EE E 200 nr 










a EE Ert 















اس نل :4 چٹ 
a EE EE‏ ا 
کہ تارج نت یج کےا ا 0 
ا ا eelere‏ 1 الما 7 9 
پس اس تج در کت E A ae‏ 
A መመር ሚመ‏ اس سس سرت ]| بس اب رس 
مس ایس سس لاسام و ተተተ ተተተ‏ 1 سس 
He EE EE EE‏ = 


اس ہہ ee‏ 
— — ا ሥሥ‏ رت اس سم مس بای — == 


መ 
متسس ركسم‎ ae os ia CL 2 ae Da ل‎ as 6 ES E9077 571 BE pam 4 78 


PE eee et‏ —— .:1 تا اغف امل نف 
ا --፦:ፕ‏ سا ا 2827 E‏ گار ht - To‏ — — — 
سح حا — — TUE pe een AHH‏ و دمص tt ሚን‏ 






HEH re EA ۲ھ‎ ee cra 7 2 aaa 71 
د ات‎ ser —- 8: E 22 2 212 pl ts وہ‎ 21 Sta 
E TET 855 655 7ص‎ 


= 2 CC 
Pee ٦ 5 1۲5 ۵ ۵... =- Les ۱ | سید‎ a pote ele Ee 


- * تھے‎ 
| 1 0 11 
—H 2 te I CIE 2 ! HE IMD ۹ 
GEES HE FE Eee 
ہے سس‎ — — — — er) — — ہیل سے سے‎ 
LECH BEE ptum cr rro nr 73 وھ‎ 8 quss | 
ا‎ = Baam. o afat ۶889 81 ۱52 1 18 دا تا‎ en ee رج نا ھا کا کنا كم‎ 
ተተተተተተትተተ+"ተ- EI ۱ EU EE | BE 
للا‎ Brust peni [| | Seas 


ee ክህ E d 0 
ام‎ ሚኢ e 
E 


ub : 
1 
F 








SE ES Sg E rem 
ا و‎ E 


ECT Hora nR 

0ط امس ی8 

EEN‏ ا ا ات 
EE‏ 
pe‏ 
لفح زیر رس pT‏ ات — SE S EE n‏ 





30 ۳ — 


| ۰ E EE 


the specimen. When incteilec on the OF-1U machine, the ents 
of the rocker ormai pivot about rigio beurings Pantene’ te the 
atativnary platen, The rocker armo slao pivot sbout centrally 
located, moavabie bearings which are vemmecte? to the vibrating 
pleten. One of the rocker urme la free te move leterally ۵ 
that no axial force ie appiied «hen the «specimen l. 'eflocted, 
With a sgecimen mounted in the bendlag [ixturr, the free 
length ci the bar between the gripu cen be consivers: Ls ቁ 
bean to wnich point bendin moments ure appilos ot the noz, 


Mech of the.e sltornoting moments; is comas in megnitude to 


sh, 


one-h»sif the precuct of the alternatína Torce of the 
Vibsating platen and the distance saepasating the fined mi 
Movee pivoti V esch rocker arm. This type of loaving, 
usuéliy raferreo to هخ‎ ‘couble Cantilever loseing , produce 
$ bending moment Gf cónrte&nt &unitue across the enti 
warn of th? „pecimen bethean the gripe of the rocker aim. 
Double "&ntileyer ioading hes a particular acvantage in 
that no Ttroin grettents *re producec in that portion of the 
Spee ien sher the section is uniform. This f®ature «ae a 


principal reseon Tor chooring revere: benling ne a metho’ of 


tetting the S/A fatigue guet., 


BAM- d a CA Za INDI CATOR 


All of the ¿trein meaturement®, both itatis roi ا‎ 


were taken vith en Bliis BAM~1L RETIN in icator. This 
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instrument 13 « Wheatstone Bridge direct resting strain 
indicator am? riso a D.C. amplifier. Phe latter reature 11 
one which sekes ít ezpecioily adaptable for dynamic meorure~ 
mente since a D.C. component o7 strain, if present, 14 net 
lost in amplifying the strain gage signe’. Stetic strain 
mesjuremente may be tuken by reading & meter on the front 

of tha indicator, but dynamic messurssents must be mace by 
meuni or an aecilioscope presentation. Gain control in both 
the meter und the mocilluseope permit very fine adgustment 


aná calibration of the BAM-i. 


| - TYPE RN TRAIN INDICATOR 





The BLE Type N strain indicator was used for measuring 
resistance changes of the S/N gage. This device is a 
Wheststone Bridge null balance indicator having s range 

extension feature which permits measuring relatively Large 
values or resistance change. A gage fector setting mechanism 
facilitates easy calibration of the instrument. This sevice 
is extremeiy scourate for measuring reslstance changs in 


units of strain. 


N FATIGUE LIFE GAGES 





The following information spplies te tho "/N gares 


which were used in conducting the experimental work of this 
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investization: 


S/N FATIGUE LIFE CAGES 

MANUPACTURER;  Micro-Messureocent., Inc. 
TYPE: WA-OL 

RESISTANCE: 100 + 0,3% 

LOT NUMBERS: ይ፲ሯልጅኒ፲ጊን AL@API3, emi ALZAPLS 





C, SAMPLE CALCULATIONS 


In all of the 8/4 fetigue gaee tests, changey in the 
gage réesictance were measured with a BLU Typs ፻፳ "train 
imicator. Phi. instrument iv» 4 Wheatstone Bridge nual l= 
balance Seyice which is ¢esigne: to measure resietunce 


Sange in units of atrein (micreinches per inch). The 





Llowing expression vquetes recletenie chenge and indicates 


Strein for a nullebalance indicator: 
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For very mall vetas or SR (lees then | per cent of E), 
the sboye expression cen be used with sufficient accuracy by 
&A&suming that R is conot«ot an? equal to the initial value 
ar ttl mpe recietauce. Wion ge: valee or UR are to 
be computeo, however, this escumption resuct, ^n progressively 
l&rger crvors jue to the non-iinsesr reiotion.hip betoson the 


initial pege resictonce amt Gh. Zt will be revelita thet 


the total recietenece change — the S/N gape curing ite 
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* ጄ 4 : — (i. ነ 9 e m. ; LE e - e 
useful life 45 B per cent to 10 per cent vf the initial gage 
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praistaencoe,., In the oxperíimental tectus, however, teodiagt 
were takin at intervalo during which tne incremente: value 
of reziotaince change were genereily lezs then 9.5 per cent 
of The icitia: gage rv istuace, In this manner, it ww 
Dassipis ty wet equetlen (5) for computing aR by aieuming K 


to be the total gega re.istance at the start of © particular 


p^ 


ment. Thi cen be exprerzed by the following : seul «Lon 
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Ths lollowing relatiíooship sas wed tor computina Ar, 


the total pweittance change: 
e vk Se 1 

"6 
It can be sosen Tiom thie expression thet a emali error in 


estimating N, resulto in CR beine in error by the same 
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